Following Census 2000, the state of Utah was allocated three seats in the U.S. House of Representatives, falling short of the threshold for a fourth seat by 857 people less than 0.04% of its population. Utah vociferously challenged the Census count, taking its case all the way to the Supreme Court (Utah v. Evans 2001 , 2002 where it contested both the imputation methods used by the Census Bureau to estimate apportionment populations and also the statute that counts overseas military personnel but not Mormon missionaries residing abroad. Utah lost both cases.
As a result, the average district in Utah in 2003 represented 746,000 residents instead of 560,000 residents as would have been the case if the state had been awarded four seats. The contested seat went to North Carolina, which increased its representation in the House from twelve to thirteen members.
Although the U.S. House follows the principle of "one person, one vote," significant disparities in representation are unavoidable in practice as demonstrated by the fact that the 2000 apportionment left Utah with 15% less representation than the average state on a per capita basis.
The extent to which Utah contested the results of Census 2000 suggests that differences in relative representation have important policy consequences, not the least of which is the distribution of federal funds to the states. The fundamental problem of confirming this intuition empirically is that both representation and population may directly affect distributional outcomes. Hence, observed associations between representation and distributional outcomes are likely to jointly capture the effect of representation and any unmeasured direct effects of population.
To illustrate the identification problem, consider the well-documented positive relationship between changes in states' net receipts from federal expenditures and changes in representation per capita in the Senate (e.g. Atlas et al. 1995; Hoover and Pecorino 2005; Larcinese et al. 2007 ). Because each state has a fixed number of senators, per capita representation is directly proportional to the inverse of state population, and hence changes in Senate representation are driven solely by changes in state population. In an observational study, disentangling the effect of population changes from the effect of representational changes necessitates making strong functional form restrictions on the effects of changes in population.
It is also likely that there are important unobservables (e.g. economic development) that drive both the changes in state population and also a state's share of the distribution of federal dollars.
For instance, states with below-average population growth gain relative representation in the context of the Senate by definition. If, for example, the federal government directs financial assistance towards economically-depressed areas, regressions predicting changes in federal spending with changes in relative representation will pick up a spurious correlation due to the economic processes driving both population trends and federal spending trends. Thus, although these studies are instructive at pointing to a correlation between representation and distribution, they do not provide compelling evidence of the causal effect.
Other studies examine the correlations between levels of representation and levels of expenditures (e.g. Lee 1998 Lee , 2000 Knight 2008; Larcinese et al. 2007 ). Yet, as Alesina and Spolaore (1997) argue, geographically-large political units exhibit diseconomies of scale and therefore require more public monies than geographically-small units to obtain the same level of services. Hence, the fact that large, sparsely populated states such as Alaska and Montana receive higher per capita federal funds may mainly be driven by greater need.
In this paper, we utilize a natural experiment in the U.S. House of Representatives in order to separate the distributional effects of population changes, population levels, and potential unobservables from the distributional effects of changes in political representation. Specifically, we use the infrequent and discrete nature of reapportionment in the U.S. House of Representatives as our identifying source of variation. Previous work has overlooked the fact that the very mechanisms designed to reapportion the House constitute a structural source of variation in representational equality. The House is reapportioned only once every ten years despite continuous population changes among the states. This implies a structural break in relative representation following each Census-based reapportionment. Our analysis leverages the discrete shocks created by the Census cycles, allowing us to compare outlays received by states immediately before and after reapportionment. The effect is identified by "switchers," or states that gain or lose seats. By focusing on a narrow window of time around each reapportionment, we are able to develop a difference-in-first-differences technique to estimate the effects of representation without imposing strict functional form restrictions.
Changes in House representation significantly increase federal outlays at the state level.
Our point estimates imply that the elasticity of total outlays with respect to representation is about 0.07. In other words, a 10 percent increase in a state's share of representatives equates to a 0.7 percent increase in a state's share of the federal budget, suggesting that Utah's outlays were about two percent lower in 2004 than they would have been had Utah been awarded a fourth Congressional seat, a loss of about $100 per capita. We also find that the effect of representation is contextual; large states do not benefit as much from the same percent change in the number of representatives as small states. We find no evidence of asymmetric effects between gains and losses in representation.
The article proceeds as follows. In the first section, we review recent literature linking representation to distribution. Section 2 describes the complex apportionment process used by the Census Bureau to assign congressional seats to states. Section 3 presents two identification strategies stemming from Census-based apportionment in the U.S. House of Representatives. We describe the data and measures in Section 4. In the final section, we present the results and discuss their implications.
Section 1. Recent Advances in the Study of Representation and Distribution
A fundamental concept in the study of politics is representation, or the degree to which elected officials with political power reflect the preferences of citizens (Mansbridge 2003) . Our paper focuses on estimating the distributive consequences of unequal representation in a legislature. We assume that legislators respond to reelection incentives and thus compete to procure targetable goods and benefits for their districts (e.g. Mayhew 1974; Fiorina 1989; Weingast et al. 1981) . Moreover, we assume a positive correlation between voting weights and bargaining power, as is usually the case in distributive models of legislative bargaining (e.g. Baron and Ferejohn 1989) .
1 Thus, we expect that overrepresented political units will receive a disproportionately large share of distributive goods.
2
Although the theoretical bases for the relationship are sufficiently compelling, a general method for estimating its magnitude has proved elusive. A number of recent studies have addressed the identification problem in innovative ways. Ansolabehere et al. (2002) use the natural experiment generated by the Supreme Court's decision in Baker v. Carr (1962) , which mandated "one person, one vote" in U.S. state legislatures as an exogenous shock to state-level apportionment. They estimate that the court-ordered political equalization resulted in a transfer 1 It should be noted that examples can be constructed in a Baron and Ferejohn (1989) framework where expected payoffs decrease from an increase in voting weights. 2 The Baron-Ferejohn model has been extended in numerous ways to explain how the strength of a constituency's voting weight significantly increases its ability to bargain and procure resources from a common pool (Banks and Duggan 2000; Snyder et al. 2005; Chen and Malhotra 2007) , as well as the conditions under which malapportionment matters (Ansolabehere et al. 2003 ).
of about $7 billion from counties that were overrepresented to counties that were underrepresented. Knight (2008) and Hauk and Wacziarg (2007) Knight (2008) and Hauk and Wacziarg's (2007) method can only be applied to a subset of bills and rests on the assumption that legislators do not strategically anticipate how the bills will be resolved in conference when voting within their respective chambers. Hirano (2006) and Hirano and Ting's (2008) approach would be difficult to apply outside the Japanese context due to the paucity of deaths and the speed with which members are replaced. Falk's (2006) approach limits him to estimating a local-average-treatment-effect (LATE) of the effects of representation in small states. This brings into question whether his results also apply to larger states.
Moreover, the necessity of looking at small states restricts the sample size from which he gains identification to a smaller number of observations, which raises concerns about small sample instrumental variable bias (see Ullah 2004 for an overview).
Using the timing of Census apportionment has several advantages over previous methods.
First, the method can be applied to most any legislative setting and to a broad set of outcomes so long as reapportionment is relatively infrequent and non-strategic, making it especially useful for the comparative study of representation. Second, the method requires no assumptions about strategic interactions between the upper and lower chambers of the legislature. Third, it leverages the full sample of U.S. states and avoids potential bias of small-sample instrumental variables.
Section 2. The Apportionment Mechanism as a Natural Experiment
Population-Based Apportionment . Notice that the cutpoints are seat-specific and that the fractional part converges to 0.5 as Q gets large (see Table 1 ). Also notice that the Hill Method ensures the Constitutionally-mandated minimum of one seat per state.
<TABLE 1 HERE>

Two Natural Experiments
Census-based apportionment creates two distinct natural experiments. The first occurs because the Method of Equal Proportions does not award seats on a fractional basis. Seat shares are therefore discontinuous in population shares near the seat-specific thresholds that determine whether deserved fractions of a seat are rounded up or down. The thresholds create variation in relative representation, defined as the ratio of seat shares to population shares, which we explain in detail below (see Figure 1 for data from the 2000 apportionment cycle). Although we typically think of the House of Representatives as a well-apportioned legislature, it is not perfectly apportioned even immediately following reapportionment. In the 2000 cycle, for
because Congress endogenously selected a new apportionment rule for each apportionment. For example, Balinksi and Young (2001) note that the 1900 and 1910 apportionment rules were designed so that no state lost a representative in the House. 5 In practice, the common divisor must be modified slightly in order to ensure that the size of the House remains exactly 435 after rounding.
example, states such as Montana, Utah, and Mississippi barely missed the population thresholds necessary for gaining an additional seat while states such as Rhode Island, Nebraska, and Iowa barely cleared their respective thresholds, leading to imbalanced representation.
<FIGURE 1 HERE>
The second natural experiment is embedded in the timing of apportionment, which induces a regular ten-year cycle in the relative equality of states' representation. States are most equally represented immediately following reapportionment, but the House grows malapportioned over the years due to differential population growth rates across states.
Assuming these differences are relatively constant, the House reaches maximum malapportionment by the end of each cycle. The next census then leads to the next reapportionment, equalizing representation in the first year of the subsequent cycle and so on. The most important feature of the cycle for our purposes is that states receive the last round of federal transfers distributed under maximum malapportionment in fiscal years ending with three, and receive the first round of federal transfers legislated by the newly apportioned House in year four of each decade. In this section, we discuss in detail the identification problem involved in estimating the effect of House representation on distribution, which we operationalize as federal outlays to the states. We then explain our methodological strategy based on testing whether the structural breaks in representation between years two and three of each decade correspond to changes in shares of outlays between years two and four. 
Log both sides of equation (2) Therefore, if the researcher does not correctly specify the direct effects of levels and changes in population on outlays, the estimated effects of representation are likely to be contaminated by omitted variable bias.
There are two solutions to the identification problem. The first is to find an instrumental variable (IV) that affects representation but is independent of the measurement error in the direct effect of population and s, t . As described above, the indivisibility of seats inherent in the Method of Equal Proportions can serve as an instrument to identify the effects of representation (Falk 2006) . The principle advantage of the IV approach is that the instrument is likely to satisfy the exclusion restriction of being independent of the unobservables, including any measurement error in the effect of population change and growth. However, the IV approach also has several limitations. For states with seven or more representatives, changes in population explain about 93% of the variation in the number of representatives within states across apportionment cycles, compared to only about 63% of the variation in states with six or fewer representatives. 7 Hence, the first stage of the instrumental variable approach lacks sufficient explanatory power to be used in a substantial portion of the population of states. This is problematic for two reasons. First, it severely limits the sample size from which the effect of apportionment can be estimated. We find that one can only incorporate fewer than 20 changes in the number of representatives into the IV model, raising concerns about small sample IV bias. Second, because IV can only provide us with a local average treatment effect (LATE) of representation among the subpopulation of states affected by changes in the instruments, we can only use the IV model to assess the effects of representation in small states (Imbens and Angrist 1994).
The second method, which we adopt in this paper, is to leverage the discrete timing of apportionment as the experiment. We develop an estimation framework that separates the effects of representation from the direct effects of population -as well as unobserved long-run processes of economic growth or decay associated with population changes -by using periods without changes in representation to control for f() s, t without having to know the exact functional form.
Our framework compares states just before and just after gaining representation, using a difference-in-first-differences technique to control for preexisting trends in those states gaining or losing representation. The effect is identified by "switchers," or states that experience a change in the number of representatives.
The benefits of using the difference-in-first-differences approach is that we are able to incorporate a significant amount of information that is lost in the instrumental variables approach. Instead of using less than 20 switches as in the IV model, our method incorporates 53
switches. Moreover, we are not limited to estimating a local treatment effect for small states and do not have the same concern about small sample bias.
Suppose that Congress is reapportioned between time periods t -1 and t. Taking firstdifferences in f() s, t and f() s, t -2 , 8 gives us that: Figure 4 ). Most observations lie near the 45 degree line, suggesting that population trends tend to be smooth even in the states that experienced a change in their seat allocation. The slope of the regression line of the relationship between population shifts around the Census is 1.004 (s.e. = .043). We fail to reject the null hypothesis that the slope is equal to the 45 degree line (p = .93). These patterns increase our confidence in the assumptions about the similarities between g(pop s, t -2 , pop s, t -2 , s ) and g(pop s, t , pop s, t , s ).
<FIGURE 4 HERE>
Section 4: Data and Measures
Measuring Representation
Our primary measure of representation is seat shares in the House of Representatives.
Data on the seat apportionment for each state and on apportionment populations are from Balinski and Young (2001) . We prefer this specification because it ensures that our representation measure is independent of population. In our estimations, we transform representation shares as follows: we take the difference in the natural log of representation share between time t -2 and time period t. Note that because we are taking the difference in logs, this is approximately equal to the percent change in the share of representatives in the U.S. House.
A population-normalized measure of representation, however, allows us to describe the data in an intuitive manner and run alternative specifications of our main model. Woon (2007) , and Lee (1998) , we take the natural log of RRI to make gains and losses of equal representation symmetric and so that coefficients can be interpreted as elasticities. Table 2 shows the distribution of logged RRI immediately before and immediately after each of the past four apportionments the points in each cycle when representation is most unequal and equal, respectively.
<TABLE 2 HERE>
There is substantial variation in the RRI both across states and within states over time. 
Measuring Distribution
Our measure of distributive spending is shares of total federal outlays. These data comprise a panel of repeated observations at the state level over 33 years (1970, 1972, 1974, 1976, 1977, We use federal outlays to states for a number of reasons. First, previous analyses by Atlas et al. (1995) and Falk (2006) use this measure, allowing comparability. Second, although there are good theoretical reasons for analyzing more specific categories of federal funds (Lee (2003) offers a compelling argument for analyzing earmarks in particular), there is little agreement about the types of funding over which legislators have distributive discretion. For example, Lee (1998) finds that funds distributed on the basis of congressionally-mandated formulas rather than discretionary funds are most affected by malapportionment. Levitt and Snyder (1995) , on the other hand, classify as discretionary only those programs with relatively high coefficients of variation across districts, leading them to classify programs such as food stamps as discretionary but Medicare as non-discretionary. Analyzing total federal outlays allows us to remain agnostic about the theoretical mechanism for what renders certain types of programs more discretionary than others. It also makes it less likely that we find a significant result since non-discretionary portions of total outlays are likely to add significant noise to the outlays data. Finally, data on total federal outlays have been reported over multiple apportionment cycles allowing us to conduct analyses starting with the 1970 cycle. reapportionment. Since the outlays data for these years come from the Statistical Abstract of the United States we were concerned that they may not be consistent with the data from other sources. Figure 6 illustrates this point by showing the within-state correlations of per capita outlays between fiscal year t and fiscal year t -2 are much lower for 1982 and 1983 than for any other set of years. Because comparable data across time for these years are essential for identifying the effects of the 1980 apportionment using the difference-in-first-differences technique, we restrict our analysis to the 1970, 1990, and 2000 reapportionments. 9 <FIGURES 5 AND 6 HERE> In our estimations, we transform total federal outlays as follows: we take the firstdifference-in-difference in the natural log of a state's share of distributive spending. Note that this is approximately equal to the difference in the percent change in the share of distributive goods going to a state between time period t and time period t -2 compared to analogous changes between time periods t 2 and t -4.
Population
All population data (other than apportionment populations) are from midyear estimates reported by the Bureau of Economic Analysis.
Section 5: Results
We find that gains in representation increase states' shares of federal outlays. Table 3 presents the estimates of equation (5). 10 As shown in column (1) of Table 3 , the coefficient estimate of in equation (1) is .067, which is statistically significant at the p<.10 level (two- 
<TABLE 3 HERE>
One concern about equation (5) is that our difference-in-first-differences specification may not sufficiently account for changes in population. To alleviate these concerns, we estimate a variant of equation (5) that replaces difference in outlay shares with difference in population shares as the right-hand side variable. Our estimate of = -0.002 is small and statistically insignificant (p = 0.773). This is unsurprising considering the smooth population shifts illustrated in Figure 4 .
In order to alleviate the concern that a few dramatic changes in outlays or representation in the sample may be driving the results, we plot the 53 "switches" that produce our estimate (see Figure 7) . One particularly interesting observation is North Dakota in the 1970 cycle. This observation represents the largest decrease in representation, and consistent with our theoretical expectations, the largest decrease in per capita distribution. North Dakota did not experience a discontinuous shock in its population trend (see Figure 4 : "ND74"), increasing our confidence that its loss was not population driven. 11 We also estimate equation (5) using a least absolute deviations (LAD) regression, which limits the influence of high-leverage observations. 12 We continue to find a positive coefficient (see column (2) of Table 3 ), although the magnitude 11 According to Fenno's (1992) study of Senator Mark Andrews, the halting of the Garrison Diversion water project significantly decreased appropriations to North Dakota in the late 1970s. It is possible that increased representation could have offset this setback. 12 A least absolute deviations regression is just a special case of a quantile regression at the median. That is, it estimates the conditional median of the response variable rather than the conditional mean (as in OLS), thus making it robust to the influence of outlying cases.
attenuates somewhat and the standard error increases. 13 Hence, when estimating a conditional median, the steepness of the slope is similar to OLS estimates of a conditional mean, but is less precisely estimated.
<FIGURE 7 HERE>
As discussed earlier, one advantage of our identification strategy is that the identifying source of variation occurs in large states as well as small states, which allows us to test for contextual effects. We find that the effects of representation on distribution are concentrated in the smaller states. We include an interaction term between change in representation and a dichotomous measure of whether the state is "big" (see column (3) of Table 3 ). 14 We find the effects to be solely concentrated in small states, where a 10% increase in representation is associated with a 0.8 percent increase in per capita outlays ( = .079, p<.10). Conversely, in large states the effect of representation is nearly zero. 15 The importance of representation on Congressional committees is one plausible explanation for this effect since gaining an extra representative means a lot more to a small state like Utah than it does to a large state like California, which already has a representative on almost every committee. Finally, we find no evidence of an asymmetric effect for gains versus losses in representation (see column (5) of Table 3 ).
Alternative Specification
13 Another approach to eliminating the influence of outliers is to conduct a non-parametric sign test evaluating the pattern of results displayed in Figure 7 . We tested whether the observations were more likely to fall in quadrants I and III as opposed to the null of equal distribution. We find that 33 of the 53 observations are in these two quadrants, and reject the null of a homogenous distribution at p=.049. 14 
The alternative specification produces slightly more precise estimates than our main model (see Table 4 ). The point estimate of in equation (6) is 0.068, which is nearly identical to the estimated in equation (4) (see column 1). Substantively, a 10% increase in the number of representatives causes a 0.68% increase in a state's ROI. Again, the point estimate becomes somewhat smaller when estimating a LAD regression model (see column 2). The interaction effects also confirm that small states experiencing switches drive the result. As shown in the third column, a 10% increase in representation within small states is associated with a 0.81 percent increase in per capita outlays (p<.05). This effect is somewhat smaller but still approaches statistical significance when estimating the LAD model (p<.11). Finally, as shown in the last two columns, we do not observe any asymmetries between states that gained and lost seats.
Section 6: Conclusion
16 Non-switchers drop from the main specification of equation (5) by construction via differences.
Fairness in representation, embodied in the concept of "one person, one vote," is one of the most important normative standards against which democratic institutions are measured.
Analyzing the impact of fairness empirically, however, is made difficult by the challenge of isolating the distributional effects of representation from those caused by underlying demographic and economic conditions. In this paper, we have developed a method of identifying the causal effects of representation per se that can be exported across time and space.
Moreover, contrary to previous analyses that have used apportionment formulas as instruments,
we have developed a differences-in-first-differences estimator that alleviates concerns about small samples and local treatment effects. Scholars of comparative politics can apply the method in any democratic setting where Census-based apportionment is carried out regularly and nonstrategically. For instance, decennial censuses in the American style are conducted in several nations including Austria, India, and Greece, among others.
One limitation of our difference-in-first difference estimator is that some effects of representation might not occur immediately following reapportionment. Our methodology could be extended to look at differences in the growth rates of spending in periods before and after switches. We do not do so in this paper because we only currently have data from a consistent source for multiple periods in the pre-and post-apportionment period for the 1990 reapportionment.
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